Some studies suggest that exposure to industrial solvents can affect blood pressure. The objective of this study was to investigate the effect of a mixture of organic solvents on blood pressure in women working in a pharmaceutical company in Iran. Four hundred and thirty-three women were included in the study. Women working in packing units (group 1) were not exposed to the mixture of organic solvents, women in new laboratory units (group 2) were exposed to the mixture within the permitted range and women working in old laboratory units (group 3) were exposed to the mixture above the permitted limit. We compared systolic and diastolic blood pressures (SBP & DBP) and prevalence of hypertension and prehypertension among groups. The results revealed a signifi cant difference in SBP and pre-hypertension (p<0.001) and hypertension (p<0.05) prevalence between the exposed and the control group, but DBP did not differ signifi cantly. Logistic regression analysis showed a signifi cant association between hypertension and exposure to mixed solvents. Odds ratio for hypertension in the group 2 and group 3 (exposed) workers was 2.36 and 3, respectively, compared to controls. Our results suggest that exposure to a mixture of organic solvents may increase SBP and hypertension and pre-hypertension prevalence in drug manufacture workers. Therefore, more attention should be paid to workers that work in such settings by periodically measuring blood pressure and implementing accurate and comprehensive programs to reduce exposure to organic solvents.
According to the Seventh Report of the Joint National Committee on Hypertension of 2003, hypertension was a major public health concern affecting about 50 million people in the USA and about one billion people all over the world (1) . Hypertension is still a serious public health concern and is a major risk factor for heart failure, myocardial infarction, and some cerebrovascular diseases such as stroke (2) . Therefore, priority should be given to the recognition, treatment, and control of this public health problem (3) .
Organic solvents are frequently used in the production of dyes, plastic and rubber, and in the printing industry (4) . According to NIOSH (National Institute for Occupational Safety and Health), 9.8 million American workers were exposed to solvents in the fi rst half of the 1970s (4) . A number of studies have shown that organic solvents are associated with auditory (5), visual (6) , cardiovascular (7) , neurological (8) , and other complications (9) (10) (11) . Some suggested that chronic exposure to industrial solvents can affect blood pressure (12) (13) (14) (15) (16) . Bener et al. (13) investigated the prevalence of hypertension among workers who were exposed to gasoline vapour in their workplace; 71.4 % of the exposed group and 28.6 % of the control group had taken medications for the treatment of hypertension, and the difference was statistically signifi cant (p<0.001). The 90 th percentile of systolic blood pressure in the exposed group was 140 whereas in the control group it was 130. In a study by Kotseva et al. (7) occupational exposure to high levels of xylene and benzene increased the prevalence of hypertension in workers. In a study by Mørck et al. (17) , a signifi cant rise in systolic blood pressure was found among workers occupationally exposed to toluene. After six weeks without exposure, systolic blood pressure decreased. However, other studies found an insignifi cant increase in blood pressure in workers exposed to mixed organic solvents compared to control (18, 19) .
The exact mechanism of the effect of solvents on blood pressure is still unclear. In a study on rats, Sun et al. (20) examined endothelial nitric oxide synthase (eNOS) activity and blood pressure level following exposure to trinitrotoluene (TNT). They found that TNT inhibited eNOS activity and increased systolic blood pressure (20) .
Evaluating exposure to a single organic solvent is rather diffi cult because workers are normally exposed to varying concentrations of mixtures of organic solvents over different time spans (21) . However, there are only a few studies on the relation between mixture of solvents and blood pressure.
The pharmaceutical industry employs more than 350 thousand people all over the world in various operations including marketing, sales, manufacturing, and research and development. People most likely to be exposed to drug substances and chemical precursors in their occupational setting are those working in research and development and manufacturing (22) . Solvent use is common in pharmaceutical industry and consistently accounts for between 80 % and 90 % of mass utilisation in a typical pharmaceutical batch chemical operation (23) .
The objective of the present study was to examine the effect of a mixture of organic solvents on blood pressure in women working in a pharmaceutical company.
MATERIALS AND METHODS

Study design and subjects
We conducted a cross-sectional study in a pharmaceutical plant in Iran during 2010-2011. It included all workers with at least one year of working experience in the company, 449 in total. All the workers were women. From the records and interviews we gathered the following data for all of them: age, length of service, work schedule, second or previous occupation, personal habits, regular exercise, cigarette smoking, tea and salt consumption habits, systemic disease history (such as diabetes mellitus, cardiac or renal diseases), family history of hypertension and drug history. Regular exercise was defi ned as at least half an hour of physical activity three or more times a week (24) . Responses to the question on dietary salt were classifi ed into three groups: low intake (lower than usual: no adding salt when cooking), moderate intake (usual: no adding salt when eating) and high intake (more than usual: adding salt when eating). Work schedule was divided into shift work and day work. Fixed day shift was considered day work, and other schedules were considered shift work (25) .
Exclusion criteria were pre-employment history of hypertension or known chronic illnesses such as diabetes mellitus, cardiovascular and cerebrovascular diseases and exposure to organic solvents in past jobs, second jobs or because of personal habits (26) . After applying these criteria, 16 women were excluded and 433 remained in the study: 212 in packing units (group 1 -unexposed controls), 146 in new laboratory units (group 2 -low exposure), and 75 in old laboratory units (group 3 -high-exposure). All women participated voluntarily and signed the informed consent form. The study was approved by the ethics committee of Tehran University of Medical Sciences.
All workers were interviewed and examined by an occupational medicine physician.
Blood was collected and blood pressure measured under fasting conditions between 8:00 and 9:00 am, just before starting work. Blood pressure was taken with each subject sitting on a chair after at least fi ve minutes of rest.
Systolic and diastolic blood pressure (SBP and DBP, respectively) were measured twice in the right arm, using a standard mercury sphygmomanometer. The mean value of the two blood pressure measurements was used for this study. We defi ned hypertensive subjects as those who reported diagnosed hypertension or those whose mean resting SBP and resting DBP were ≥140 mm Hg and ≥90 mm Hg, respectively. Pre-hypertension was defi ned as mean resting SBP between 120 mm Hg and 139 mm Hg or mean resting DBP between 80 mm Hg and 89 mm Hg. Furthermore, for each subject, we measured fasting blood sugar (FBS), lipid profi le including cholesterol, triglycerides, low-density lipoprotein (LDL) and high-density lipoprotein (HDL), as well as liver function including alanine transaminase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP). Workers' heights and weights were used to calculate body mass index (BMI).
Exposure assessment
The company's occupational hygiene team performed air monitoring for all existing solvents in the working environment. In order to determine solvent exposure in each location, the team also performed an analysis of workplaces and identifi ed a set of job descriptions for each workplace. All eighthour time-weighted measurement averages were based on environmental sampling for each workplace. Air was monitored continuously over the eight hour shift. Air samples were collected on charcoal tubes with constant fl ow (100 mL min -1 ) pumps (SKC 226-01, Gulf Coast Inc., USA) at 42 stations designed for the new laboratory units, 29 stations designed for the old laboratory units and 36 stations designed for the packing units. According to the NIOSH analytical method 1501 for aromatic hydrocarbons, the charcoal tubes were located at a height of 1.5 m (27) . Subsequently, gas chromatography (Hewlett-Packard 5890, Avondale, PA, USA) was used to analyse the samples and the average concentration of each solvent was identifi ed.
The solvents present in all laboratory units of the factory were toluene, xylene, formaldehyde, phenol, n-hexane, and chloroform.
The American Conference of Governmental Industrial Hygienists (ACGIH) equation was used to evaluate occupational exposure of workers to the organic solvents mixture (28) .
where E m is the equivalent exposure for the organic solvents mixture, C is the mean concentration level of organic solvents in the air of the workstation, and L is the exposure limit for organic solvents. In this equation, E m above 1 indicates that the level of organic solvent mixture in the workplace is higher than the permissible limit (28) . Since the equation of mixed organic solvents can only be used for solvents with identical adverse effects on target organs or systems, we only inserted solvents with similar adverse effects on cardiovascular system into the equation; these organic solvents were toluene, xylene and phenol.
Mean In the high-exposure group (old laboratory units), E m ranged from 1.094 to 2.820 and its median value was 1.202. In the low-exposure group (new laboratory units), E m was between 0.183 and 0.631 and its median value was 0.234. E m values indicated that the concentration of mixed organic solvents in old laboratory units was above the permitted limit whereas in new laboratory units it was within the permitted range.
Finally, in the non-exposure group (packing units) the concentrations of organic solvents were negligible.
Statistical analysis
We calculated mean, range and standard deviation (SD) of quantitative variables and used ANOVA to compare these variables between the groups. Chisquare was used to compare qualitative variables. Logistic regression analysis with confounding variables eliminated was used to establish the correlation between hypertension and exposure to mixed organic solvents. Continuous variables of age, length of service and body mass index were categorised based on the median of each variable. The level of signifi cance was set at p<0.05. We also used odds ratio (OR) with 95 % confi dence intervals (95 % CI) to express the results of our analysis. All study variables were analysed using SPSS 11 software.
RESULTS
We evaluated 433 women working in a drug manufacturing plant. . In our study, 93 workers (21.5 %) were shift workers. Table 1 summarises the demographic variables and potential risk factors for the study groups. There were no statistically significant differences between the groups in the length of service, body mass index, tea consumption, dietary salt, regular exercise, shift work, and family history of hypertension. However, the mean age was higher in group 1 (p<0.05). There were no statistically significant differences between the groups in FBS, lipid profi les (cholesterol, triglycerides, LDL and HDL), and liver function tests (ALT, AST and ALP).
Mean resting SBP and DBP were 127.28 mm Hg, range (90 to 160) mm Hg and 76.27 mm Hg, range (50 to 110) mm Hg, respectively. Fifty-three (12.2 %) workers were hypertensive and 140 (32.3 %) prehypertensive. Table 2 shows mean SBP and DBP and hypertension and pre-hypertension prevalence in the studied groups. There was a signifi cant difference between the control group and groups 2 and 3 in SBP and prevalence of pre-hypertension (p<0.001) and hypertension (p<0.05), but there was no signifi cant difference in DBP ( Table 2) . The difference between groups 2 and 3 was only signifi cant in terms of SBP (p<0.05).
Logistic regression analysis with adjustment of confounding variables showed that occupational solvents exposure was signifi cantly associated with high blood pressure (p<0.05). Compared to the unexposed group, the odds ratio (OR) for hypertension was 3.00 in the group that was exposed to a higher than the permitted level, and it was 2.36 in the group that was exposed to the permitted range (Table 3) . In this study, there was a signifi cant association between hypertension and variables such as age, high dietary salt intake, length of service, BMI, regular exercise, and shift work (p<0.05), but there was no association between hypertension and family history of hypertension (Table 3) .
DISCUSSION
Our findings suggest that exposure to mixed organic solvents can affect blood pressure. Lowexposure and high-exposure groups have signifi cantly elevated odds ratios for hypertension. No group differed in the length of service, smoking, BMI, and other variables, except average age, which was higher in the control group. Therefore, the correlation between hypertension and exposure to a mixture of organic solvents was not affected by the above mentioned confounding factors.
We observed significantly higher mean SBP between workers with high exposure and low exposure to mixed organic solvents, 8.8 mm Hg and 2.4 mm Hg respectively, compared to the control group.
Gericke et al. (29) studied a group of printers who had been exposed to toluene for more than 20 years and found that chronic exposure to toluene can increase SBP. However, this study did not consider many probable confounders.
In our study, DBP was higher in groups 2 and 3 than in the control group, but this difference was not signifi cant. In a study by Egeland et al. (16) involving 410 male textile workers, 165 of whom were exposed and 245 not exposed to carbon disulphide (CS 2 ), SPB was not affected by exposure but diastolic blood pressure was. Kaukiainen et al. (12) studied 26 workers with chronic exposure to organic solvents and 19 unexposed volunteer workers. After adjusting for confounding factors such as age, sex, alcohol consumption, cigarette smoking, and BMI, SBP turned out to be signifi cantly higher in the exposed workers, suggesting that lifetime exposure to organic solvents can increase systolic blood pressure.
In our study, the prevalence of pre-hypertension and hypertension was significantly higher in the exposed groups (2 and 3) compared to the control group.
Regression analysis with eliminating confounding factors confi rmed the correlation between hypertension and exposure to a mixture of solvents. Compared to the group with no exposure, the odds ratio (OR) for hypertension was 3.00 in the group with exposure above the permitted level, and 2.36 in the group with exposure within the permitted range. In another study, Kaukiainen et al. (14) investigated the prevalence of symptoms related to solvent exposure among building painters and found that chronic exposure was associated with hypertension and arrhythmia.
In a study by Wiwanitkit (15) , the prevalence of hypertension was signifi cantly higher in the group with high levels of benzene exposure (100 %) than in the group with lower levels of benzene exposure (49 %). This study suggests that disturbance of the nitric oxide process may account for benzene-induced hypertension.
Chang et al. (19) studied 20 workers in a synthetic leather manufacturing company to see if there was an association between hypertension and co-exposure to N,N-dimethylformamide, toluene and noise. They found no signifi cant difference in ambulatory blood pressure between solvent-exposed workers, noiseexposed workers, and workers to this combination compared to the low-exposure group.
Some solvents are associated with cardiovascular diseases (30) (31) (32) ; for example, methylene chloride, styrene and carbon disulfi de with coronary artery disease (CAD) and fl uorocarbons and tricholoroethane with cardiac arrhythmia. Benzene and xylene have been associated with arterial hypertension (7), and solvent exposure with hypertension in pregnancy (10, 33) . According to the study by Xiao and Levin (31), exposure to solvents can cause neurotoxic and neuropsychiatric symptoms and sleep disturbance. This can lead to increased personal stress, which, in turn, can affect blood pressure. Disturbance of the nitric oxide process is the likely mechanism triggering hypertension (15, 20) . Using animal models, Leong et al. (34) showed that 50 μL of 10 % phenol injected into the renal cortex of rats may lead to acute hypertension because of the renal sympathetic nerve activation.
In our study, we found an association between hypertension and variables such as age, length of service, BMI, dietary salt, regular exercise, and shift work (Table 3 ). These fi ndings are similar to the results reported in some earlier studies (26, (35) (36) .
In our study, the odds ratio for hypertension in shift workers was signifi cantly higher than in daytime workers. Nazri et al. (26) investigated the relationship between shift work and hypertension in workers in a semiconductor manufacturing company. In that study, the prevalence of hypertension among shift workers was signifi cantly higher compared to day workers.
In our study, the odds ratio for hypertension in workers with higher BMI and in workers with irregular physical activity was higher than in the control group. Leung et al. (35) conducted a study among 6193 Chinese students to determine the prevalence and patterns of hypertension. They have suggested that obesity is a predictor of hypertension, while physical activity is a protective factor.
We found that the prevalence of hypertension in workers with moderate and high dietary salt intake was signifi cantly higher than in workers with low dietary salt intake. Cook et al. (36) investigated the effect of a training and consultation program for reducing dietary salt intake on cardiovascular diseases. The results of this study showed that sodium reduction may lead to blood pressure decrease.
Pharmacologically active agents used in pharmaceutical plants can cause adverse health effects, unless occupational exposure is controlled enough (37) . Pharmaceutical workers are potentially at risk for occupational asthma, pharmacological effects, adverse reproductive outcomes, dermatitis, and other adverse health effects (22) .
This study may have some limitations. First, a cross-sectional design may restrict causal relations. This can be addressed in a prospective cohort study. Another limitation is that in evaluating solvent exposure we relied on environmental monitoring alone. Workers were in separate working environments, which facilitated group classifi cation and exposure assessment, but further studies should consider using biological monitoring instead. Besides, we were not able to calculate cumulative occupational exposure because the information on previous levels of exposure was not available.
We investigated the effects of mixed organic solvents on hypertension, but not the effects of single solvents. However, organic solvent mixtures are more common in workplaces.
CONCLUSION
Our study suggests that exposure to organic solvent mixtures may increase the prevalence of hypertension and pre-hypertension in drug manufacturing workers. Therefore, more attention should be paid to workers that work in such settings by periodically measuring blood pressure and implementing accurate and comprehensive programmes to reduce exposure to organic solvents.
